Terrain reconstruction aims at acquiring height maps by detecting corresponding feature points from two or more down-looking remote sensing images. This paper proposes a terrain reconstruction algorithm based on epipolar line rectification and dense matching. At first, it uses fundamental matrix to rectify stereo images to make their epipolar lines parallel and remove the disparity in vertical direction. Then, dense matching based on grid method is applied, which can provide sufficient matching points to estimate disparity of the rectified images. Finally, the heights of the matched points can be calculated according to the obtained disparity and flight parameters. Experiments show that our algorithm can generate precise and reliable height maps for well depicting terrain features.
INTRODUCTION
With the development of remote sensing technology and computer science, the ground measurement systems are being transformed from traditional mapping methods to automated, non-contact digital measurement. Some new technologies for obtaining information from terrain have been developed and put into use gradually [1] . Space flight remote sensing technology provides wide range and real-time satellite images of multiple resolutions, which can meet the data requirement for acquiring information of the terrain. Besides, with the good performance on concealment and anti-jamming, it has attracted an increasing notice in engineering application.
According to optical passive measurement technology and Computer Vision, a method for gaining the geometry information of space targets and scenes is proposed in this paper. As application, we implement this method to reconstruct the 3D terrain using the multi-view sequence images acquired by Unmanned Aerial Vehicle (UAV) [2] [3] [4] . It mainly refers to epipolar line rectification, dense matching and height calculation.
THE TERRAIN RECONSTRUCTION ALGORITHM
In this section, we describe the basic steps of our approach. Firstly, in order to make the epipolar lines parallel, we introduce epipolar line rectification algorithm constituted of feature matching, fundamental matrix calculation and projection matrixes calculation. Then dense matching is applied to get disparity of sufficient matching points. Finally, the heights of the matching points can be calculated using the obtained disparity and flight parameters, which can be used to depict the 3D terrain features. The overall process is as Figure 1 . 
Epipolar line rectification
In order to reduce the searching range from 2D to 1D while running dense matching, epipolar line rectification is applied to make the epipolar lines parallel and remove the disparity in vertical direction [7] [8] [9] . After calculating projection matrixes of the stereo pairs using fundamental matrix, the images can be rectified respectively. The main processing steps are as With the advantages of precise position, illumination robustness, translation and rotation invariability, we take template matching based on corner features to get accurate matching points. The details are as follows:
(a) Corner extraction. In this paper, we take Harris corners as candidate matching points [5] [6] . The average gradient square matrix (1) is used to calculate the response value of each pixel by formula (2) initially. Then, the points which have maximum response according to local non-maximum suppression are selected as corner features. 
(b) Predicted point determination. According to the motion characteristics of neighboring frames inferred from the flight parameters, we choose the point that reflects the current movement tendency as the predicted point. Suppose the candidate matching point in left image is ( , ) p i j , and its predicted matching point in right image ( , ) pre i j can be estimated by formula (3) and (4).
.
Where E V , N V represent the speed of east and north respectively, t is the time interval between the neighboring frames. adx , ady indicate horizontal and vertical resolution of the images, which can be calculated by formula (5) and (6) respectively.
Where h is the height of aircraft with respect to the ground, W and H are image width and height, θ is half of the camera field angle, as Figure 3 indicates. According to epipolar geometry [2, 3] , matching pairs in two images should satisfy the following constraint (8):
Where ' X , X represent the matching points in the stereo pair respectively. If there are at least 7 pairs of matching points, then the fundamental matrix can be estimated by formula (8 
As for n pairs of matching points, we can get the following linear equations (10): 
Then the fundamental matrix can be solved by least square fitting method.
(3) Projection matrix calculation and epipolar line rectification As Seitz [10] has proved that if epipolar lines in stereo pairs are parallel, the fundamental matrix of these images meets the form (11). 
Therefore we can find the projection matrixes 1 H and 2 H to satisfy the formula (12). 
Eventually, each source image can be rectified by corresponding projection matrix H using formula (15). Where I represents the point in the source image, and I ′ is its corresponding projection point in the rectified image.
I HI ′ = (15)
Dense matching
In order to reconstruct the real topography, heights of sufficient matching points should be estimated. However, matching all points in two images will increase the computational complexity and raise the mismatching rate. To avoid that, this paper applies dense matching algorithm based on grid method, which can not only provide sufficient matching points to estimate disparity but also reduce the amount of calculation. Initially, the left image is divided into square grid at a fixed interval, and the grid intersections are considered as candidate points. Then, we implement template matching method on these grid intersections, which is similar to chapter 2.1(1) (c) with the only difference that the searching range is reduced from 2D to 1D. That is to say, the matching point can be extracted just in horizontal direction since the images have been rectified.
After dense matching, there will be some mismatching points. To remove them, we use a prior disparity which can be obtained by flight parameters using formula (16) and (17). 
The meanings of these parameters are shown in Section 2.1. We set [0.5 ,1.5 ] D D as the range of the disparity, where D is the prior disparity. The matching pair whose disparity is out of this range should be treated as mismatch to be removed. In addition, during the matching process, it may take place that multiple points in one image match to the same point in the other image. To solve this problem, we take the point with the largest cross-correlation value among all the matching points as the final matching point. 
Height calculation
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CONCLUSION
Based on remote sensing images, this paper introduces a terrain reconstruction method, which mainly refers to epipolar line rectification, dense matching and height calculation. For epipolar line rectification, we initially implement template matching method based on Harris corner features. Then the matching results are used to estimate the fundamental matrix, so that the projection matrixes can be calculated to rectify the corresponding images. After that, we use dense matching based on grid method to get dense disparity map. Thus, the height of terrain can be calculated according to the obtained disparity and flight parameter. The results of this terrain reconstruction algorithm has been shown in the experiments, and the final height map demonstrates that our algorithm indeed represent the structure features of real terrain well.
